ABSTRACT The density (ρ), viscosity (η) and ultrasonic speed (U) (2MHz) of THF solutions of symmetric double Schiff bases (SDSB-1,SDSB-2 and SDSB-3) were determined at 303.15, 308.15 and 313.15 K. Various acoustical parameters such as specific acoustical impedance (Z), isentropic compressibility ( s ), Rao's molar sound function (R m ), Van der Waals constant (b), internal pressure (π), free volume (V f ), intermolecular free path length (L f ), viscous relaxation time (τ) and classical absorption coefficient (α/f 2 ) Cl ), were determined using ρ, η and U data. The results are interpreted in terms of molecular interactions occurring in the solutions at different temperatures and concentrations. Linear increase of ρ, η U, Z, R m , b, (α/f 2 ) Cl and τ with increasing C, linear decrease of К S , L f and π with increasing T, V f increased linearly with C and T except SDSB-3 supported existence of strong molecular interactions in the solutions and confirming solvophilic nature of the Schiff bases. The structure, nature and size of the solutes and solvent, concentration and temperature affected molecular interactions.
INTRODUCTION
Symmetric double Schiff bases or imines or azomethines have played vital role in the progress of chemical sciences [1] . Symmetric double Schiff bases or bis Schiff bases are synthesized by acid catalyzed condensation of aromatic or aliphatic primary diamines with aromatic aldehydes by conventional and microwave irradiation methods [2] [3] [4] . Schiff bases are well known due to their wide range of applications such as a corrosion inhibitors [5] , analytical reagents, catalyst, catalysis, for synthesis of metal complexes and additives in synthetic lubricant [6] . Schiff bases are most widely used as pigments, dyes, polymer stabilizers and intermediate in organic synthesis [7] . Schiff bases and their metal complexes have attracted a lot of interest due to their potent biological activities such as antifungal, antibacterial, antimicrobial [8] , antitumor, anticancer [9] , anti-inflammatory, antiphlogistic, anti-HIV activities and antidepressant [10] .
Ultrasonic technique is one of the most useful techniques to study the molecular interactions in the solution; so many scientists have observed close relation between ultrasonic velocity and chemical or structural characteristic of molecule of fluid [11] [12] [13] . The ultrasonic velocity and viscosity measurements have proved important for studying molecular and structural properties of liquid solution [14] . Therefore by measuring density of liquid and its ultrasonic velocity many acoustical parameters can be determined [15] . Acoustical parameters provide information about molecular interactions, the nature and strength of interactions, solute-solute and solute-solvent interactions in pure solvents and theirs solutions [16] [17] . Drug action is affected by various kinds of physico-chemical interactions e.g. ionic or covalent, charge-transfer, hydrogen bonding, ionicdipole interaction, hydrophilic interaction [18] , which can be understood by thermo physical and transport properties [19] e.g. ultrasonic velocity, viscosity and thermal conductivity. The uses of drugs involved physiological and biological effect and their mechanism of action at macromolecular, sub cellular organ system. Various pharmacokinetics processes involves transport of drugs across biological membrane, which can be understood by transport property e.g. ultrasonic speed, viscosity diffusion and thermal conductivity [20, 21] .
In continuation of ultrasonic study of symmetric double Schiff bases [22, 23] in this paper we have reported determination of density, viscosity and ultrasonic speed of the solution of symmetric doubleSchiff bases of 1,1'-bis (4-amino phenyl)cyclohexane (Scheme-I)in THF at 303.15, 308.15 and 313.15 Kand at different concentrations. Various acoustical parameters have been determined and discussed to understand molecular interactions in the solutions.
EXPERIMENTAL AND MEASUREMENTS
THF used in the present study was supplied by Allied Chemical Corporation Vadodara, and purified according to literature method [24] . THF is cyclic ether have IUPAC name oxolane, ρ = 0.8892 g/cm 3 at 298.15K, molecular shape-envelope, dipole moment 1.63D with low viscosity. Schiff bases SDSB-1, SDSB-2 and SDSB-3 (Scheme-I) were synthesized and crystallized according to our previous work [3] .The stock Schiff bases solutions (0.10 mol) were prepared and from them a series of solutions were prepared. The solutions were stored in air tight flasks.
The density (ρ) measurements were performed for different solutions at 303.15, 308.15 and 313.15K0.1K with the help of specific gravity bottle. The estimated errors in density measurements were found to be 0.1 kg/m 3 as reported in our earlier work [15, 16] . Viscosity (η) and ultrasonic speed (U) of Schiff bases solutions (SDSB-1 to 3) were measured with an Ubbelohde suspended level viscometer and Mittal Enterprise Interferometer (New Delhi) Model No F-81, operating at 2 MHz at 303.15, 308.15 and 313.15K 0.1K respectively. The η and U measurements were accurate to 0.01 m Pa s and 0.15%, respectively as described in our earlier paper [22, 23] . Various thermodynamic parameters have been evaluated from the experimental values of ρ η and U data.
RESULTS AND DISCUSSION
The ρ, η and U of THF and SDSB-1 to SDSB-3 solutions are reported in Table 1 
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ILCPA Volume 53 viscous relaxation time (τ), classical absorption coefficient (α/f 2 ) Cl and solvation number (S n ) of Schiff bases solutions were derived according to our previous work [15, 22] and are reported in Table 2 . All these parameters were correlated with concentration(C) of Schiff bases at different temperatures (T). From Table 1 , it is evident the ρ, η and U increased with C and decreased with T suggested powerful solute-solvent interactions. The increase of ρ led to quick transfer of sound velocity and hence U increased with increasing C. The law of additivity is observed in present case confirming that the density of Schiff bases is greater than that of THF. The viscosity (η) of the solvent and solutions are measure of cohesiveness or rigidity present between components of the solutions. The variation of η and U with C and T are considerably more than ρ due to specific solute and solvent interactions. The nature of solute and solvent play an important role in molecular interactions such as ionic-covalent, inter-intra molecular H-bonding, dipole-dipole interaction, weak van der waals force of attraction as well as London forces. The η increased linearly with increasing C confirmed existence of strong molecular interactions in the solution [25] . The decrease of η with increasing in temperature showing that solute-solvent interaction is influenced by the temperature. Thus Schiff bases molecule can labeled as structure makers in THF solutions. International Letters of Chemistry, Physics and Astronomy Vol. 53
From Table 2 to 5, it is observed that in THF, Z (γ = 0.989 to 0.999) increased linearly with C and decreased with T, while  s (γ = -0.986 to -0.999) and L f (γ = -0.987 to -0.998) decreased linearly with increasing C and increased with T. The increasing trend of Z supported the molecular interactions. Z is directly proportional to U and inversely proportional to  s . The predominance of particular solute-solute or solute-solvent interaction can be detected by  s . The decrease in  s with increase in C is due to aggregation of solvent molecules around solute molecules indicating presences of solute-solvent interaction. This phenomenon can be explained by assuming that the solvated molecules are fully compressed by the electric force of the ions. The  s of solution is mainly due to free solvent molecules but due to solute-solvent interaction  s of solution decrease with increase in concentration. The decrease of L f with C increase in sound velocity and vice versa supported strong solute-solvent interactions. The linear change in R m (γ =0.993 to 1.000) and b (γ = 0.999 to 1.000) suggested the absence of any complex formation in THF system. V f (γ = -0.846 to 0.993) increased linearly with increasing in C and T except SDSB-3. The internal pressure (π) is the result of forces of attraction and repulsion between molecules in solutions. From Table 2 to 5 π (γ= -0.983 to -0.998) decreased linearly with increasing C and decreased with T. The decrease in π indicates the loosening of cohesive forces leading breaking of structure formed and indicated existence of solute-solute interaction in THF solution at higher concentration and temperature. This is further supported by a free volume (V f ). Free volume of solute molecule at constant temperature and pressure depend on the internal pressure of liquid in which it is dissolved. The decrease in π caused increase in V f which is an inverse function of π.
From Table 2 
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Solvation number (S n ) is used to decide the predominance of particular interaction in solution. At constant temperature the concentration of solute and dielectric constant of the solvent play an important role in determining the molecular interactions occurring in the solutions. Solvation number (S n ) is the number of the solvent molecules attached to the central atoms or ions by their translational degree of freedom. Thus strength of solute-solvent interaction is reflected by solvation number (S n ).
The presence of polar groups in the solute molecule enhances molecular interactions and the solvation phenomena. The plots of S n against C at different T are presented in Fig. 1 to 3 from which it is observed that S n increased nonlinearly with C. The positive value of S n with C indicated appreciable solvation of SDSB-1 to 3 in THF. This confirmed the structure forming nature of the solutes in the solvent due to association between various components of solution. The nature of solute, concentration, temperature and position of functional group play an important role on the magnitude of solvation. R m increased linearly with C and slightly decreased with T. π decreased linearly with increasing C and decreased with T, while V f increased linearly with increasing C and T supporting effect of C and T on cohesive forces and hence molecular interactions. 
CONCLUSION
Studied acoustical parameters supported existences of strong molecular interactions in THFSchiff bases solution at different temperatures. The non linear increase of S n with C suggested competing solvent-solute and solute-solute interaction in the solutions. At higher concentration and low temperature solute-solvent interactions are predominant over solute-solute interactions. The strength of solute-solvent interaction is given in order SDSB-3> SDSB-2 > SDSB-1.The strength of interaction is affected by concentration, temperature, nature and position of functional group.
